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SOME ASPECTS OF PORTLAND CEMENT 
CONCRETE PAVEMENT CONSTRUCTION 


BY THE DIVISION OF MANAGEMENT, UNITED STATES BUREAU OF PUBLIC ROADS 


Reported by WILLIAM A. BLANCHETTE, Highway Engineer 


TUDIES of production in highway construction 

have been made by the Division of Management of 

the Bureau of Public Roads from 1923 to the 
present year. These studies have included grading and 
surfacing of nearly all types of highways in practically 
all sections of the United States. 

The number and mileages of concrete roads con- 
structed and the magnitude of the funds invested in 
them justify considerable study. During 1930  ap- 
proximately 10,000 miles of portland cement concrete 
pavements were laid on rural highways of which 8,500 
miles were on State systems. In 1930 the average cost 
per mile of a 20-foot concrete surface, exclusive of 
engineering, drainage structures, and rough grading, 
was about $22,500, a total cost of approximately 
$225,000,000 for the year. <A greater efficiency in such 
large-scale production will result in correspondingly 
lessened costs to the public. 

In the studies here reported, data were collected 
relative to personnel, equipment, and efficiency of 
operation. The causes of efficiency on certain projects 
were analyzed. Between 1923 and 1929 numerous 
changes were made in types and sizes of equipment used 
and in methods of construction. From 1929 to June 
1934 changes have not been so extensive. This dis- 
cussion is based upon investigations made during the 
latter period. 


EFFICIENCY IN CONSTRUCTION GREATLY IMPROVED IN 
RECENT YEARS 


The following observations and conclusions are a 
result of these studies: 

|. The equipment used in conerete surfacing is 
reasonably well standardized as to type, capacity, and 
number of units. 

2. The number of men employed on a concrete paving 
job varies between wide limits. The average per- 
sonnel, exclusive of truck drivers, on the 34 projects 
analyzed numbered 68 men with a minimum of 42 and 
amaximum of 98. 

3. The combination of personnel and equipment on 
concrete paving projects observed was usually adequate 
to the handling of the maximum possible production 
of the key equipment. 

4. There is considerable difference in the over-all 
efficier ‘vy with which different contractors operate the 
major or key equipment. The average over-all effi- 
cleney of operation of key equipment on projects 
studied in 1929 and 1930 was 78 percent, with a mini- 
mum of 47 percent and a maximum of 97 percent. The 
Werage efficiency of operation of key equipment on 
10 projects studied between 1923 and 1928 was 55 per- 
cent, with a minimum of 42 percent and a maximum of 
“6 percent. There appears to have been an increase 
In efficiency in recent years. 

5. The efficiency of operation of major equipment is a 
fasonably accurate measure of the efficiency with 
Which the entire paving organization is operated. It is 
‘0 Indication of the type of supervision employed. 
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6. Unnecessary interference by inspectors tends to 
lower operating efficiency and to discourage employ- 
ment of adequate supervision. 

7. About 30 percent of the total cost of a concrete 
pavement is for cement delivered to the project 
‘Twenty-nine percent is for aggregates delivered to the 
project. Thirty-seven percent of the cost of cement and 
aggregates delivered is for transportation. The equip- 
ment cost is 9 percent and the labor cost is 11 percent 
of the total cost of a concrete pavement (exclusive of 
rough grading, ete.) The daily cost for labor and 
equipment is almost constant regardless of quantity of 
production. The unit cost for these two items varies 
ulmost inversely with the efficiency of operation. 

S. The cement factors used on the projects analyzed 
varied from 1.23 to 2.10 barrels of cement per cubic 
\ ard of concrete. 

9. The present method of combining the cement, 
aggregates, and water into concrete does not produce a 
homogeneous mass in which these ingredients are uni- 
formly distributed throughout the mass. 

10. Present methods of placing and finishing the 
concrete require fairly wet mixtures, resulting in excess 
water which decreases the potential strength of the con- 
crete. 


PERSONNEL AND EQUIPMENT DESCRIBED 


The construction of a concrete pavement requires 
several separate operations. The subgrade must be 
prepared. The forms must be set in place. Cement, 
fine and coarse aggregate and water must be delivered 
to the paver and mixed. The mixed concrete must 
be deposited on the subgrade, spread, finished, and 
cured. These major operations are performed on all 
concrete paving projects 

Minor operations such as the delivery and placing of 
reinforcing steel, joints, etc., must be performed also. 
Each operation requires certain pieces of equipment 
Table 1 shows the equipment used on 38 concrete pav- 
ing projects studied during 1929 and 1930. These 
projects were located in 18 States and represent nearly 
every section of the United States. The equipment 
listed in table 1 is typical of equipment used generally in 
concrete paving. This table shows the average length 
of haul from the material yard to the paver in miles 
during the period of the production study. 

Trucks were used for hauling batches except on one 
project where an industrial railway was used. Single- 
batch trucks were used on 12 projects; 2-batch trucks 
on 13 projects; 3-batch trucks on 12 projects, and 4- 
batch trucks on 2 projects on which 2- and 3-batch 
trucks were also used. 

The mixing on all of the projects was done in stand- 
ard pavers of the 27—-E type. A finishing machine was 
used on all but 5 projects. On these 5 projects, 4 in | 
State and 1 in another, all finishing was done by hand. 

Table 2 shows the personnel employed on the 38 
projects. On 34 of them the mixing was done by one 
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27—-K. paver. On the remaining 4 projects, two 27-E 
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Motor patrols, numbe 
Scarifiers, number 
Subgraders, number 
subgrade planers, num 
Rollers, number and size, tons 
Fresno teams, number 
HANDLING 
Lineal feet 
Forms, kind 
Wagon teams, nun 
frucks, number 
Mechanical form trencher 


iber 


HANDLING 


Cranes, number and capacity 
Batcher bins, number 
Practors, number 
Cement houses, number 
Pumps, number 
Pipe 
s-inch, lineal feet 
21-inch, lineal feet 
2-inch, lineal feet 
Hose 
2-inch, lineal feet 
11-inch, lineal feet 
1-inch, lineal feet 
Service trucks, number 


HAULING 
lrucks 
i-batch, 
$-batch, 
2-batch, 
l-batch, 
Purntables 


number 
number. 
number. 
number.. 


MIXING 


Paving mixers (all 27-E), number 


FINISHING 


Strike boards, number and length, feet 
Finishing machines, number and width, feet 
Longitudinal floats, number and length, feet 
lransverse floats, number and length, feet 
Rollers, number 

Belts or flexible floats, number ani 

Joint machines, number and widt 

Hand floats, number 

Straight edges, number 


CURING 


Burlap, length, feet... 
Hose, %-inch, feet 
uring spray apparatus, nnmber 


1 Elev 


iting grader 


Table 


parallel or in tandem. 
variation between projects both as to the 
total number of men employed and the number em- 


pavers were used either 
2 shows a wide \ 


ployed to perform various operations. The major oper- 
ations are relisted in table 3 which gives, for purposes 
of comparison, analyses of the numbers of men required 
for each operation on 34 paving projec ts using a single 
paver and those required on 4 projects using 2 pavers 
each. 

The size of the crew necessary for fine grading is 
affected by several factors: The amount and character 
of the material to be aucel the amount and kind of 
equipment used, the efficiency of operation, and the 

rate at which ps ivement is being laid. The fine-grading 


crew varies considerably from job to job as is sh 
table 2, with a minimum of 3 men on one project 


maximum of 23 men on another project. The 


number of men on all 34 projects was 13. 

The handling and setting of forms consists in 
ing the forms from the finished and hardened pa 
transporting and distributing them where the. 
be shaping the form trench, setting, li 
and pinning the forms to the subgrade, and, 
checking the form line. The number of men 
perform this operation varies considerably, 
the methods are more or less standardized. TT! 
age number of men required was 11. The chie! 
for variation in the number of men employed 
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Water-supply system. 


sis 14. This includes the men operating the 


The number of men, including truck drivers, truck 
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dumpers, and turntable operators employed 
ver batches to the paver ranged from 5 to 50 
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Reasons for this wide variation are length of haul, 
Condition of hauling road, condition and capacity 0! 


Operators, strikeboard lab feria, 
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hauling equipment, 


ite Of paver operation, and effi- 
ciency of hauling equipment operation. On an average, 
15 men were employed in hauling batches on the 34 
projects on which the average length of haul during 
the period of study varied from 0.9 mile on one project 
to 10 miles on another, and on which 1-, 2-, 3-, and 4- 
batch trucks were used 


The men connected with the mixing operation are 
the foreman, who usually has charge of mixing, placing, 
finishing, and curing, and the paver operator 

The men employed in finishing, which in this sum- 
spaders, finishing machine 
hand finishers on slab 
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A, shaping the subgrade with a tractor-drawn grader; B, excavating trench for forms; 
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C, setting and lining up forms; D, the “‘subgrader’’ does t 


excess Material in furrows for removal by hand shovels or fresno 


STEPS IN SHAPING 


and on joints, varied from a minimum of 6 to a maxi- 
mum of 23 with an average of 11. 

Setting steel, which includes both the longitudinal 
steel joint and reinforcing steel, required an average of 
2 men on each of the 34 projects. The number varied 
from 1 to 7 for individual projects. On several projects 


THE SUBGRADE 


neither longitudinal joint steel nor reinforeing stec! was 
used. 

The number of men employed in curing the concrete 
varied from 1 to 15, depending on the method of curing; 
the amount of slab to be cured and the efficiency with 
which the curing operation was performed. An aver 
age of 8 men was used for this work. 
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SHAPING THE SURGRADE. 


The equipment and the personnel on the average 
project, as judged from 34 projects, are shown in table 
4, which gives the approximate distribution of person- 
nel performing each operation. This table shows an 
average of 68 men employed to operate a modern 
paving outfit exclusive of the operators of hauling equip- 
ment. ‘‘Miscellaneous’”’ as used in table 4 includes 
watchman, water boy, and mechanic. ‘Supervision’ 
includes the superintendent and timekeeper. 

Table 2 shows that the total personnel exclusive of 
truck drivers and steel crew on the paving projects 
employing a single 27—-E paver varied between 38 and 
93, a difference of 55 men. 
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In general, the number of men employed to operate | 


a concrete paving outfit should be sufficient to perform 
all of the operations when the paver is working at maxi- 
mum production. Considerable physical exertion is 
required of workers and assignments should be such 
that the work can be accomplished by uniform sustained 
effort and without injury to the men. 

The type of supervision exercised over workers varies 
considerably. Some operations require a_ definite 
number of men regardless of the amount of work they 
have to do. Utilization of the capacity of workmen 
performing various operations may vary considerably. 
Again, the number of men that the contractor must 
employ to perform an operation may be and sometimes 
is regulated by arbitrary requirements of the engineer 
or inspector rather than by the amount of work to be 
done. 

The number of men employed is regulated by a com- 
bination of the following influences: The 
possible rate of production of the paver, the volume 
and character of fine grading, the lineal feet of trans- 
verse joints to be finished per square yard of pavement, 
methods employed, arbitrary requirements, type of 
supervision given, and extent to which machinery is 
used. It is believed that the combination of personnel 
and equipment employed on the majority of projects 
studied was sufficient to handle full paver production, 
and that the personnel in many instances was more than 
sufficient. 
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NO CONSISTENT RELATION FOUND BETWEEN NUMBER OF MEN 
EMPLOYED AND EFFICENCY OF OPERATION 

To analyze the interrelation that may exist between 
number of men employed, maximum possible produc- 
tion, and over-all efficiency of paver operation, table 5 
has been prepared, based on 23 of the projects studied. 
The information contained in this table is shown also 
in figure 1. There is a general relation between the 
number of men employed and the maximum possible 
rate of production although this relation is by no 
means definite. The relation between number of men 
and efficiency of paver operation is even less definite, 
showing that there are other factors besides production 
and efficiency which regulate the size of a working force. 
of 


TaBLE 5.—Comparison of number men employed, over-all e ffi- 


ciency, and maximum possible production 


Men em- Maxim 


; i im 

ploye = possible 
Project exclusive a. production 

. of truck cee in cubic 

driversand| Percent yards per 

steel crew hour 

’ 
_. . > See 46) 66.4 40.7 
California no. 3.......-- 47 47.4 50.6 
Louisiana no. 2_____- 51 82. 1 39.6 
Washington no. 3__. 51 81.8 42.5 
New Jersey no. 1.- : ; 56 76.0 IS. 6 
Louisiana no. 1_.._.._- 57 87.2 41.0 
Washington no. 4__. 57 96.8 51.5 
Washington no. 2____- 59 87.9 1.2 
Louisiana no. 3__..-_-- 61 80.3 44.0 
Tennessee no. 6- - 63 86.4 144.7 
Colorado no. 1---- 64 87.4 51.1 
Tennessee no. 2______- ‘ “ 64 81.8 52. 4 
Louisiana no. 4 7 55 91.0 43.7 
|) 66 50.9 52.8 
Tennessee no. 4__- : 69 65. 6 19.4 
Washington no. 1 69 93.5 50. 2 
Tennessee no, 5--. S 72 83. 2 44.0 
eenseeee mo. 1............ 74 79.6 47.7 
California no. 2. 80 95.3 49.6 
Texas no. 2..__.-- 82 75. 7 58.6 
Tennessee no. 8. : : 7 8S 59. 1 48.6 
California no. 4... ._.--. ; 93 95.5 59.4 
South Carolina no. 1. 93 90.1 | 34.3 











+ The maximum possible sates tion is regulated by the specified mixing time, the 
size of batch and the time constants of the paver for charging and discharging. 
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vard of pavement and the maximum possible paver 
production on 34 projects. Figure 2 also shows this 
information. No direct relation between these factors 
is evident. 
EFFICIENCY OF PAVER OPERATION IS GENERALLY AN INDICATION 
OF EFFICIENCY OF ENTIRE ORGANIZATION 

The efficiency with which concrete paving is placed is 
indicated by the studies. It is true that the efficiency 
with which the paver is operated may or may not meas- 
ure the efficiency of the paving outfit as a whole. The 
efficiency of the entire organization is of primary inter- 
est to the contractor in that it regulates his unit costs 
for personnel and equipment. It sometimes happens 
that, although the paver operates with a high degree of 
efficiency, it does so with an oversupply of hauling 
equipment. Other operations than hauling may also 
be over-equipped or over-manned. It may happen 
that the personnel and equipment for hauling, subgrade 
preparation, and other operations have a high degree of 
efficiency, while the paver has a low degree of efficiency. 
Or it may be that the paver operates at a consistently 
low rate, but because of that consistency the production 
can be handled by a reduced personnel. These condi- 
tions are the exception rather than the rule 
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In general, the efficiency of the paver is a close indi- 
cation of the efficiency of the entire organization which 
is in turn an index of the type of supervision employed 
The contractor or superintendent who operates the 
paver efficiently is likely to be equally efficient in all 
operations. Similarly, inefficiency in paver operation 
is often attended by inefficiency in most other operations 

The paver is the key equipment on a concrete paving 
project and should set the pace for the entire paving 
organization. It has a maximum capacity of a defi 
nite number of batches per hour for the specified mixing 
time. It cannot exceed this production. When the 
production of the paver falls below this maximum num- 
ber of batches the efficiency of the organization i 
general is lowered. 

A definite number of men is required to operate thi 
equipment and to perform nearly every operatiol 
This number of men cannot be changed as the rate of 
production changes. The number required to operat: 
the outfit at maximum production of the key equip 
ment must be employed, for on the most inefficient 
jobs studied, there were times during nearly every day 
when the paver Was operating at close to 1tS maximut 
production 
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Failure of outfits to maintain a high rate of produc- 
tion was not the result of insufficient personnel, but of 
intermittent delays of varying lengths. A high rate 
of production requires no greater rate of physical 
exertion on the part of workers than does a low and 
fluctuating rate of production. 

Before discussing the efficiency of operation of major 
equipment, an outline will be given of the manner in 
which efficiency was determined. An engineer with 
one or more assistants was assigned to the project to be 
studied. In general, the duration of the study was 
from 1 to 2 months. During the study an accurate 
record was kept of the total available working time 
The term ‘‘available working time” is defined as the 
time a crew was actually on the job, or the time it would 
have been on the job had there been no interference by 
the elements or other contingencies, consideration being 
viven to the customs of the region and the practices of 
the contractor in regard to length of working day, holi- 
days, ete. If a 9-hour day is customary with 7 hours 
work on Saturday, and holidays off, the available work- 
ing time for a week in which no holiday occurs, will be 
52 hours plus any overtime, regardless of how much 
time was actually lost because of rain, breakdowns, o1 
other causes 

An accurate record was kept of all major delays 
The term ‘‘major delays”’, as used throughout this re- 
port, indicates a delay of 15 minutes or more during the 
available working time. A delay of less than 15 minutes 
is termed a ‘‘minor delay.”” The division between 
major delay and minor delay at 15 minutes is chosen 
arbitrarily In general, the major equipment will 
cease to operate during a major delay or the outfit may 
be shut down entirely as is usually the case during delays 
due to rain or wet subgrade. During the shorter major 
delays the entire organization may be on the job and 
drawing pay. The total available working time minus 
the total major delays gives the time the major equip- 
ment actually operated, 

Minor delays are intermittent interruptions that 
range from a few seconds up to 15 minutes. Such delays 
are determined by stop-watch studies of operations 
A stop-watch study period was usually of 1 hour’s 
duration. From 2 to 4 such studies were made each 
day that the paver operated. The results of 2 stop- 
Watch studies, 1 on a project operating with high 
eflicieney and the other on a project operating with low 
elliceney, are shown in tables 7 and 8. 


PREVENTABLE DELAYS FOUND ON MANY PROJECTS 


Nalysis of these tables shows characteristics of paver 
operation and the factors affecting the rate of produc- 
tion. The production of a batch of concrete consists 
of three operations: Raising the paver skip to charge 
the drum, mixing the batch, and discharging the batch 
Irom the drum to the paver bucket. In correct opera- 
ion the raising of the skip overlaps the discharge of the 
preceding batch. Whenever the paver ceases to per- 


form one of the three operations its efficiency is lowered 

he project reported in table 7 was operated with high 
eficiency. With a mixing cycle of 74.1 seconds, repre- 
senting the time to charge, mix, and discharge, the 
Maxiinum production possible was 48.5 batches per 
The over-all efficiency on this project during 
the entire production study was 96.8 percent. 


hour. 
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A, a standard type of paver with subgrade planer attached for smoothing irregularities in subgrade; B, depositing concrete on subgrade; ¢ 
D, “‘straight-edging’’ the surface 
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Table 8 shows stop-watch data taken on a project 
where the efficiency waslow. Small intermittent delays 
ranging from a few seconds to several minutes account 
for the low efficiency. Nearly all of the delays could 
have been eliminated under good supervision such as 
was found on the first job mentioned. The mixing 
cycle was 74.2 seconds. The maximum production 
could have been close to 48 batches per hour. During 
the study period the production rate was 28.4 batches 
per hour. The over-all efficiency during the entire 
period of the production study was 50.9 percent. 

Delays of 15 minutes or more occurring during a 
stop-watch study, were recorded as major delays and 
were excluded from the stop-watch study period. 
Periods of study were of such length and at such times 
that the minor delays recorded are typical of those 
occurring throughout the working day. The total 
minor delays recorded during study periods for a day 
were extended to cover the working time for that day. 
The time that the major equipment actually operated 
iuinus the minor delays is considered to be the time of 
operation at full efficiency. 

Both the major and minor delays are divided into 
two classes. Class A delays, in general, include those 
time losses arising from the weather and other causes 
which could not have been anticipated and prevented 
under good management. The class B delays are those 
which should have been eliminated under good manage- 
ment, due allowance being made for conditions affecting 
the particular project. 

The efficiency of operation of major equipment is 
indicated by expressing the time that the major equip- 
iment actually operated at full efficiency as a percentage 
of the time that it could have operated at full efficiency 
had all class B or avoidable delays, both major and 
minor, been eliminated. There are factors which may 
affect efficiency and which are not taken into considera- 
tion in this method of determining over-all efficiency 
The specified mixing time is one of them. The opera- 
tions which must be performed during the mixing 
period, such as movement of hauling equipment at the 
paver, dumping batches, filling water tank, changing 
hose, preparing subgrade in rear of paver, making pro- 
Vision for joints, and placing steel, are less likely to 
cause delays to the paver when it is operating with 
mixing time of 75 or even 60 seconds, than when 
operating with a 50-second mixing time. A paving 
outfit with a full season’s work ahead of it is in a much 
more advantageous position and has a greater incentive 
to use a better type of equipment and more specialized 
personnel, and to attempt efficient operation than is the 
outfit at work on a project of only a few weeks’ dura- 
tion. This advantage is not generally appreciated as 
is evident from table 9 and figure 3, which show a lack 
of relation between length of project and over-all 
efliciency of operation of major equipment on 24 
projects, 

Another factor in this method of determining over-all 
effier ney is the ability of observers to classify delays as 
avoidable or unavoidable according to the definitions 

Previously given. <A classification of this kind is 
essential if efficiency of operation is to be determined 
With any high degree of accuracy. The total available 
Working time is no indication of the time in which it 
Was possible to operate, when delays beyond the control 
ol the contractor have occurred or when it would not 


PaBLE 9.—Comparison of over-all efficiency and length of project 


Prntard Over-all Length of 
efficiency project 
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FiguRE 3.—ComparIson or EFFICIENCY AND LENGTH OF 
PROJECT. 


be profitable to avoid delay. The observers in these 
studies had investigated paving projects and are 
thought to have been well trained for the work. The 
classifications made by the observers depended on 
judgment and therefore may not always be correct but 
there was no practicable way of eliminating the per- 
sonal factor. 
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MINOR DELAYS RESULT FROM NUMEROUS CAUSES 


Table 10 is a typical weekly summary of time losses 
ind their effect on production. It shows the total 
available working time for the week, the time lost 
through avoidable and unavoidable major and minor 
delays, the production obtained, and the 
efliclency of operation of major equipment. 

Table 11 is a summary of weekly summaries covering 
the production studies on 23 projects using a single 
27-K paver each and on 4 projects using two 27—-E 
pavers each. The over-all efficiency of paving outfits 
from 47.4 percent to 96.8 percent. Of the 
10,651 hours that were available for paving on projects 
ising a single paver, the paver operated at full efficiency 
only 4,973 hours, 17 percent of the total available 
working time. Had the class B delays, those which 
could be eliminated under proper management, been 
eliminated, full production could have been maintained 
for 6,366 hours. The over-all efficiency of these 23 
paving outfits representing nearly every section of the 
United States is 78 percent. The causes for the major 
and the time losses resulting from them are 
shown in table 12.) The causes for the minor delays 
are shown in table 13. The results of these studies are 
believed to be a fairly accurate estimate of the effi- 
eney with which major concrete paving equipment is 
operated in the United States. 

Table 11 shows considerable difference in the over- 
all efficiency with which different contractors operated 
the major equipment. Table 1 indicates that the 
najor and auxiliary equipment was about the same 
on all projects. Concrete paving equipment is fairly 
well standardized and in most cases the auxiliary equip- 


over-all 


ranges 


or 


dehavs 


ment has a capacity corresponding to maximum paver | ¢ 


pl dduction. 





LaBLE 10 Typical veekly summary of time losses and the 
effect on production 
Maine No. 1; equipment, one 27-E mixer, | her, trucks 
iVailable working hours 7, estimated production, 1,640 batche 


MAJOR DELAYS OCCURRING DURING AVAILABLE WORKING TIMI 
Class A Class B * 
Source of delay 
Per : Per Pe 
Hours pats Hours ent | Hou fied 
Hau juipment supply 0. 40 0.7 
Wat pply 25 $ 
H ‘ 6 ; 
Plac pecial steel 0. 54 0.9 
Mi | trouble at plant 24 2.2 
wv r finishers 2.95 5.2 
1.73 a3 3 ( bt 9 
MR DELAYS OCCURRING DURING TIME OF ACTUAL 
OPERATION 
Ha juipment operation 41s ‘ 
Ope 1.10 a | 
Hand ement 63 2 
Plac tee] » 74 
a gate sticking in trucks 2.15 1.2 
Sait se and pipe line trouble 1.95 S 
Water diy —_ line trouble . 8 
Trout t plant 0.2 0.4 82 lit 
Hau uipment supply 1 4 
— hanical \4 3 
“ack Ol subgrade and waiting for fin 
he 1. 82 4 
2.16 $.2 14.17 27.5 | 16 
M or equipment operated 51.51 hours or 90.1 percent of available time 
. Lajor « julpment operated at 100 percent efficiency 35.18 hours or 68.3 percent D 
prorat time. Possible operating time with all class B losses eliminated 50.25 
retell th all class B losses eliminated production would have been 2,344 bat e 
ver-all ef] 


lency of operation of major equipment, 70 percent. 
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having a total available oO ng 
centages are base l on the total a 
La 
Rain 
Wet subgrade 
Cold weather or snow 
Moving outfit 
Lack of prepared subgrade 
Lack of materials 
Mixer trouble, mechanical 
Inadequate water supply 
Stopping work early before regular pI 
Finishing machine trouble, mechanical 
Hauling equipment, operation 
Hauling equipment, shortage 
Miscellaneous 
Total 
lotal major delays, 4,416.1 hour r 41.5 pe 
lime major equipment actually operated, 
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TABLE 13.—Distribution of minor delays on the 23 paving projects 
during the 6,235 hours that the major equipment was operating; 
the percentages shown are based on the actual operating time 


Minor del 


Cause of delay Class A Class B 


Per H Per- 


ours irs 
Hour cent cent 


Wet subgrade_ -- 16 
Lack of prepared subgrade 12.8 

Hauling equipment, operation 17.1 } ¢ 
Hauling equipment, shortage 72. 1 ‘= 2s 4 
Inadequate water supply - ; 7.4 

Mixer trouble, mechanical 71.8 11 20. ( 
Mixer trouble, operative- - ; : M4 1 
Moving mixer-. -- bs 42 
Waiting on finishing operation 
Handling cement 

Placing joints and re infore ing steel 
Shifting hose at mixer _. ) 
Miscellaneous 85. f 1.4 2 2. ( 


Pr 


Total__. * a 12.0 50 40 9 15.2 


Total minor delays, 1,261.9 hours or 20.2 percent 
Time major equipment operated at full efficiency, 4.973.3 hours or 79.8 percent 


Table 14 is a summary of time losses on a project 
having a high type of supervision and correspondingly 
efficient operation. On this project work was carried 
on during the winter months under unfavorable weather 
conditions, but even with this handicap a high rate of 
production was maintained during periods in which it 
was possible to work. 

Table 15 shows the results of a study made on a 
project with inadequate supervision and a resulting 
low efficiency. Avoidable delays were forestalled on 
the first job, but were allowed to happen and to reduce 
efficiency on the second project. 


TABLE 14.—Summary of time losses on an efficiently managed 
project during entire period of study 


[Project, South Carolina no. 1; available working time, 394.1 hours; estimated pro- 
duction, 6,898 batches or 39,461 square yards] 


MAJOR DELAYS OCCURRING DURING AVAILABLE WORKING TIME 


Class A Class B otal majer 
Cause of delay 
Per- , | Per- re | Pefe 
Hours cent | Hours cent | Hours fas 
Wet subgrade. ....-..-- sis oe ctyek dine 59.88 | 15. 20 
Rain. ESE. ae. 52.75 | 13.40 
Cold weather. pee ' --| 51.53 | 13.10 
Mixer trouble, mechanical secre: . 50 .14 
Water supply... on a .) . 06 0.28 | 0.07 
Truck operation _-_-. ; . 50 14 1. 54 39 
Totals___. 165.41 42.04 1. 82 .46 167.23 42.50 
MINOR DELAYS OCCURRING DURING TIME OF ACTUAL 
OPERATION 
Shortage of hauling units_-_--- 1. 62 0.71 0.97 | 0.43 
Hauling units, operation_- baa 1. 26 . 56 8.67 3.81 
Mixer operator : ; ‘ ‘iema 7.08 | 3.11 
Subgrade_--_- : 2. 20 97 
Mixer, mechanical 1. 25 . 55 : 
Setting joints. _-_- = : 18 OS 
Water supply i .75 33 50 26; 
Miscellaneous : . 96 42 . 21 09 : 
Totals____-- : 5.84 | 2.57 19.90 | 8.75 | 25.74 1 32 


Major equipment operated 226.9 hours or 57.5 percent of available time 
Major equipment operated at 100 percent efficiency 201 hours or 88.7 percent of 
operating time. Possible operating time with all class B losses eliminated, 222.9 hours 
With all class B losses eliminated production would have been 7,643 batches 


Over- 
all efficiency of operation of major equipment 90.3 percent 


TABLE 15.—Summary of time losses on an inefficiently manage 


project ‘a uring entire period of study 


[ Project, Texas m ] vailable working time, 1,055.3 hours: estirnated produ 
12.332 batehe w 77,831 square yards} 
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riMi 
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{ minor delays 


Truck supply 3s 
Truck operatior 
Truck turnir nd king 
Mixer, mechanical 6.4 
Mixer, operative 

Water supply s 

Lack of su grade 24 

Finishing 8 

Expansion joints t 

Miscellaneous 

Charge and discharge mixer 








Totals 





Major equipment « pt dre $27.9 hours or 40.f percent of available t 
Major equipment operate t ent efficiency 25 , 
operating time Pos: ible oj er me with abe B losses eliminated 
Vi ith all class B lo ses eliminate: d production would have been 24,238 bat che 


efficiency of operation of major equipment 50.9 percent 





CAUSES OF INEFFICIENCY DISCUSSED 


Constant and proper supervision is the key to js 
cient operation. The type of supervision on nears 
every project listed in table 11 is indicated with 
accuracy by the figure for over-all efficiency of opera- 
tion of major equipment. <A superintendent who \n- 
derstands highway construction, who realizes tli 
importance of utilizing available working time to thie 
fullest extent, and who has the ability to foresee and 
to prevent delays, is highly valuable. 

It is evident that adequate supervision has 


always been employed. The first reason that les 
to mind is that contracting firms, in general, have not 
always realized the value of adequate supervision o! 
construction. ‘ilnnistanties officers devote 4 or 
portion of their time to obtaining contracts anc pur- 
chasing materials and partially neglect measures 10! 
attaining efficiency in construction. It has be Is- 


tomary to refer to highway construction as 


business’’, and there has been a tendency on thc pal" 
of highway contractors to place much of the bl: lol 
inefficient operation on the element of risk rather thal 
on a lack of proper supervision. . 
Another reason for low efficiency may be that ter 


is no large supply of highway superintendents whv have 





PUBLIC ROADS 


@ 8842875 


® 
= 
c 
* 
« 
= 
= 
a 


see? 


srmerese 


1, covering concrete with burlap after finishing; B, placing earth covering after surface has hardened surface. 
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a natural aptitude for the work, together with adequate 
experience in methods of construction and such special 
training in production work as enables them to appre- 
ciate the value of advance planning and of full use of 
available working time. Possibly the seasonal and in- 
termittent character of concrete road construction has 
led qualified men to seek continuous employment in 
other lines of work. 

Another factor affects the efficiency with which high- 
way construction work is done. This can be termed 
‘““inspectional interference.”’ 

Inspectional “interference is not to be confused with 
proper and adequate action in the enforcement of 
specifications. Proper inspection is a necessity. It 
is a factor which can be evaluated with reasonable 
accuracy in preparing bid prices. Inspectional inter- 


ference, on the other hs und, is the overstepping of the 
engineer’s or inspector’s authority to enforce speci- 
fications. Arbitrary requirements may be imposed 


on the contractor. An element of risk may be intro- 
duced which cannot usually be evaluated, but which 
must be considered in arriving at bid prices. 

The reasons for such interference are natural ones. 
In some instances specifications do not state clearly 
what is desired. They may be contradictory also. 
Unnecessary interference has been found on many of 
the projects studied. The actual extent to which it 
has lowered operating efficiency is not shown in the 
results of the production studies. The lost time caused 
by such interference has been reported under the type 
of delay which it caused. 

Unnecessary interference causes a loss of working 
time and also tends to discourage the employment of 
adequate supervision when the efforts and planning of 
a competent superintendent can be easily frustrated 
by a well-meaning but over conservative and auto- 
cratic resident engineer or inspector. 

Many examples of unnecessary interference could 
be cited. Contractors are sometimes required to mix 
the concrete longer than the specified mixing time, 
because, in the inspector’s opinion, it results in better 
concrete. It actually results, however, in decreased 
production and increased costs for labor and equipment. 
The hours of work are sometimes arbitrarily regulated. 
Instances have been observed where production has 
been stopped for extended periods in order that the 
templates and finishing-machine screeds might be 
checked although there was ample opportunity for 
checking during nonoperating time. 

A rather absurd instance of interference was observed 
not long ago. Laborers emptying sacks of cement on 
trucks were required by the engineer to leap through 
the air from one truck to the next rather than to 
descend to the ground after the dumping operation. 
This was done to prevent the loss on the ground of 
cement adhering to the laborers’ shoes. The laborers, 
after dumping cement on one truck could not start on 
the next truck until it came alongside so that they 
could jump to it. With two trucks ap tag between 
the forms there was not sufficient room for the empty 
truck at the paver skip to proceed without delay. The 
empty truck had to wait its turn to pick its way between 
loaded trucks engaged in this maneuver. The hauling 
service was bi idly disrupted. Hauling costs were 
increased and paver production was dec reased. 

The daily operating cost for labor and equipment on 
a concrete paving project is approximately $580 as 
will be shown later. The cost varies but little whether 
the production per day is 250 or 500 cubie 
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vards of | cost per mile was approximately $22,500 and the 





concrete. The importance of efficient operation in 
reducing unit costs should not be overlooked. Neither 
should the. fact be lost sight of that an efficient organi- 
zation is ina much more favorable position to produc 
concrete of good and uniform quality than is’ the 
inefficient and intermittently operated outfit. Inspec- 
tional interference will be difficult to eliminate so long 
as both the results desired and the methods by which 
the contractor must obtain these results are specified, 
and so long as authority over the operation of the con- 
tractor’s personnel and equipment, without responsibil- 
itv for the finished product, is assumed by the inspect: 


UNIT COSTS PER SQUARE YARD ANALYZED 


State practices vary with regard to pavement thick- 
ness, cement factor, length of mixing time, size of batch, 
amount of reinforcing, and joint material used, ete 
and it is difficult to calculate accurately the unit cost 
for concrete pavements for the country as a whol 
During 1930, 10,600,000 square yards of plain ceme 
concrete pavement were laid on Federal-aid projects at 
an average cost of $1.78 per square vard. Five an 
one-half million square yards of reinforced concret: 
pavement were laid on Federal-aid projects at 
average cost of $2.16 per square vard. This gives 
weighted average for all Federal-aid concrete pavement- 
of approximately $1.90 per square vard. On the 
sumption that these unit prices are representative of 
prices for concrete pavements built by State and loc: 
authorities and that the proportions of plain and rein 
forced pavements for the total mileage built are abo 
the same as for the Federal-aid mileage, the price o 
$1.90 per square vard will be used in the detail 
analysis of costs. 

The distribution of this unit cost in respect to thu 
various items of expense is shown in table 16. The 
percentages have been calculated from data collected 
in cost studies. On individual projects, costs and thx 
distribution will vary considerably from these figur: 
but the table is believed to be representative of aver: 
conditions. 


TABLE 16.—Distribution 


of average cost of cement concrete 
ments on Fede ral-aid projects an 1930 of &1.90 pe 
yard + 
‘ 
( Ie 
Cement 04 
Transportation of cement 
lot al 
Coarse aggregate “ 
Transportation of coarse aggregate " 
Total ss 
Fine aggregate 07 
Transportation of fine aggregate oy 
Total 7 
Cost and transportation of cement and aggregate A) 
Reinforcing steel, joint material, et 
Depreciation of equipment 
Labor and supervision 
Batch delivery (labor and equipment 
Overhead, interest, bond, cost of set-up, et« 
Return to contractor, including salary 07 
Total Go 
Based on bid prices and includes cost of fine grading 


? Transportation to b itching plan 


During 1930, approximately 10,000 miles of portland 
cement concrete pavements were built on rural |ich- 
ways. Assuming a pavement width of 20 feet, the 
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cost was $225,000,000. The percentage distribution of 
this total expenditure is shown in figure 4. 

The analysis shows that the cost of cement and aggre- 
rates delivered to the contractor’s plant is 59 percent 
of the pavement cost, and that 22 percent of this total 
pavement cost is for the transportation of materials 
from the source of supply to the batching plant on the 
project. Transportation charges constitute 37 percent 
of the cost of these materials. 


URE 4 ESTIMATED DISTRIBUTION OF EXPENDITURE ON 
PORTLAND CEMENT CONCRETE PAVEMENTS DurRING 1930 


Ik METHODS OF MIXING AND PLACING CAN BE IMPROVED, LESS 
CEMENT WILL BE REQUIRED 


The largest item of expense is for cement the cost of 
Which, delivered to the project, is about 30 percent of 
the total pavement cost. The cement factors used on 
the 34 projects studied during 1929 and 1930 varied 


{ 


from 1.23 to 2.10 barrels of cement per cubic yard of 
concrete. The possibility of reducing the amount of 
cement used without reducing the quality of the pave- 
ment is dependent on several factors, one of which is 
th 


informity with which the ingredients are distrib- 
ted throughout the mass of concrete. Available infor- 
mation indicates that the present method of combining 
ingredients does not produce concrete in which these 


ingredients are uniformly distributed throughout the 
Mass 


\n inlvses of sam iples removed from concrete after it 
as been spread on the subgrade show that variation in 
the amount of any one ingredient from one part of : 
batch to another part is often as high as 20 or 30 per- 


I URE 5 VARIATION IN DISTRIBUTION OF INGREDIENTS OF 
CONCRETI MIXED IN STANDARD PAVERS 


cent One point in the batch may contain 10 or 15 
p' reent more of an ingredient than the average for the 
bate a while another point may be deficient by a similar 
amount. Pereentage differences or ‘“‘spreads’’ between 
points as high as 30 percent are not uncommon. The 
average spread in the proportion of any 1 of the 
ingredients is about 10 percent. This lack of uniformity 
in the distribution of the ingredients no doubt accounts, 
to a large extent, for the wide variations that are found 
in the compressive strengths of cores removed from con- 
crete pavements. Figure 5 shows the percentage 
spreads in materials on two different projects. These 
are typical examples of the lack of uniformity resulting 
from the present method of mixing concrete. Could the 
mixing be improved so that the ingredients would be 
uniformly distributed in the pavement, the cement 
content probably could be reduced, resulting both in a 
reduction in the cost of this material and a probable 
increase in the quality of the pavement. 

Methods of manipulation must be considered in fixing 
the water and cement content of concrete. Present 
methods of placing concrete require rather wet mixes 
It is generally accepted that the strength of concre te 
varies inversely with the ratio of the water to the ce- 
ment. If methods of manipulation can be improved SO 
that conside ‘rably drier concrete can be placed satisfac- 
torily, a reduction in the amount of cement used should 
result. 

The cost of reinforcing steel, material for joints, and 
other minor materials, averages 6 percent of the pave- 
ment cost. The cost varies considerably on different 
projects. Some States use heavy, double reinforcing 
while other States use no reinforcing. The spacing of 
transverse joints likewise varies between wide limits. 
Some States use no transverse joints while others space 
joints as close as 20 or 30 feet. For the 34 projects 
analyzed the transverse joints per square yard of 
pavement varied from none to 0.45 lineal foot. 


EQUIPMENT COSTS ANALYZED 


The cost of equipment is about 9 percent of the pave- 
ment cost. The most logical way to reduce this cost is 
to increase the efficiency with which equipment is oper- 
ated by using a greater percentage of available working 
time. Annual or monthly expense for equipment is 


nearly constant except for field repairs, fuel, and lubri- 
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cants. Costs do not vary materially with production 
obtained. The unit cost for depreciation, overhauling, 
major repairs, interest, taxes, storage, and insurance 
therefore varies almost inversely with the rate of 
production. 

The unit cost for field repairs, fuel, and lubricants 

‘an be expected to vary nearly directly with the rate of 
produc tion. There is no accurate method of determin- 
ing equipment expense. The care that a piece of equip- 
ment receives is important in affecting its life. Equip- 
ment obsolescence affects costs. In the absence of a 
definite method of determining equipment expense, an 
approximation of the average daily equipment cost for 
the country as a whole is given in table 17. The figures 
shown in this table may not be applicable to every 
paving organization but they are suitable for use in 
general comparisons. 

The figures in table 17 are based on an 
that the average length of a construction season S 
months (from Mar. 1 to Nov. 1). There are 245 days 
in this period of which 35 are Sundays and 3 are holi- 
days. It is reasonable to assume that during an 
8-month construction season the average paving con- 
tractor will have two projects. This necessitates a 
move from one project to the other. Allowing 12 
working days for this move, 195 days or 24 days per 
month are available for operation. Table 12 shows 
that on the 34 projects analyzed the major unavoidable 
delays were as follows: 


assumption 


Is 
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5, No 


UNAVOIDABLE MAJOR DELAYS Percentage 0 
aveilahle 
Cause of delay: working tin 
Rain 12. 1 
Wet subgrade 9. 4 
Cold weather, snow 1 6 
Moving equipment about project 0 
Lack of prepared subgrade 2.3 
Lack of materials 1. 4 
Paver trouble, mechanical 1.0 
Inadequate water supply { 
Miscellaneous 2 
Total 37 


Thirty-seven percent of the total available working 
time was lost through delays of 15 minutes or ove 
delays that the contractor could not have been expecte: 
to anticipate and prevent. Delays from advers: 
weather conditions, wet subgrade, and moving the 
equipment about the project amount to 30 percent of} 





avallable working time Such delavs generally last 
from one-half day to several days. During thes 
periods the outfit usually does not operate, and _ th 


personnel, with the exception of straight-time men, 
not on the job and does not draw pay. 

The remaining delays, which amount to 7 percent 
of available working time, may or may not be of suff 
cient duration to shut down the outfit and stop pri 
duction. In this discussion such delavs will be cor 
sidered as occurring during periods when the enti 
personnel is on the job and drawing pay. 


The possib 


TABLE 17 Estimated equipment costs 
Average annual e\pense as a percent API it I { Estimate: 
ige of first lusive of field re hedule pe laily Es I 
pairs Price equipmen mated ¢ 
Expense cost for dail 
Equipment Number and a a per ll item cost of 
capacity _ es Interest Total veal Work £ } pe except fuel, oil 
Depre hauling taxes owner! ul p, I Meld re ‘ iS¢ 
(. major : } t A - pairs, fuel, nd field 
c1latlor repa rage, ship ‘ h g rease nd repair 
Irance expense bo _ 
pa ( 
Fine grading Percent Pe nt Percent \Vfonths I t 
Blade graders 1, 10 foot 20 20) 11 51 ay 6.4 2h $n $4. 7¢ ¥ 
Tractors 1, 60 horsepower 20 11 4 s 4, SOK 24 14.4 6. OF 
Scarifiers l 25 2 l ot s UL 4.12 
Subgraders (form l 25 2 ] it 8 ( ) + 41 
Subgrade planers 25 ") l 6 8 7. 00 > OF 
Rollers 1, 6-ton \4 7 s +f 2, 900 H SS ‘ 
Fresnos 2, 3-foot 33 2 64 ‘ s ( H 20 
Fresno teams 2, 2-horse 10 t 16 2 60K ~ 17 ( 
Handling and setting forms 
Forms. 4,300 feet 25 2 6 8 7. ( $4 24 { 
Teams 1, 2-horse 10 f 16 2 On { 24 f 
Form trenchers l 25 2 a 8 SOM t { 
Handling materials 
Crane (15 ton) 1, | eubie yard 17 ta % 18 iL 2 ( 
Batcher plant (complete 1, 70 cubie yards 0) Hf s 5.7 s 1,34 
Cement house 1 7 s 4 " } rf 
Pumps (water) l 26 oa s ( M ; Oo 
Pipeline, 244-inch 25,000 feet 2! $1 s { 2s » 30 
Hose, 145-inch 250 feet 50 s ( } 
Truck (service) l 36 i f ~ ye &S 
Hauling bs atc hes 
Trucks 
Turntabie l 2: s { rT 64 rf 
Mixing: Paver, 27-E l 2 s 6.4 5, 800 64 & & 
Finishing: 
Finishing machine 1 2 1 s 6.4 Tt 9 x) 1 
Flaots 2 100 s 9 f 2 
Belts _ -- 2 100 s 2 Is 
Bridges (wood) - 4 100 s 9 6 { 
Curing: 
Burlap - - 1,300 lineal feet 100 s 12 ei 4 
Hose, 34-inch - 400 feet 50 8 6 rT ® 
Miscellaneous: 2 
ee 50 . 6.2 50K 1.82 
Field machine shop tools __- 50 Ss 6.2 500) 1 1 R2 
Supervision: Automobile 5_____- 1 33 20 64 2 5.3 1. 500 78 4 59 , A 
| EE TT ee LO eee ee ae eee 9. ¢ , 45 03. 37 23 





! Cost of all items of expense except field repairs, fuel, oil, 
2 Based on 17 working days per month. 


3 Animal feed. 


and grease based on modified Associated General Contractor 


equipment ownership schedule 


‘ Truck costs are variable depending on length of haul, and have been excluded from this analysis 
5 Automobile used 26 days per month, but monthly cost charged to 17 


productive days. 
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working time will therefore be 70 percent of 195 days, or 
136.5 days. This gives 17 possible working days per 
month during a construction season. 

Monthly equipment expense exclusive of field repairs, 
fuel, and lubricants is prorated over the 17 working 
days that equipment can be actually operated under 
average conditions. Daily costs for field repairs, fuel, 
and lubricants are based on observations made during 
the time studies and are estimates only. The total 
average daily equipment expense as derived by this 
method of estimating $256. The portion of this 
expense regarded as constant regardless of production 
is $203. 

The production studies show that the average con- 
tractor operates major equipment with an effic weed 
of 78 percent. With a 69-second mixing time and : 
batch of 27 cubic feet this means an average produc ao 
of 300 cubic yards of concrete per 9-hour day, or a fixed 
unit for equipment of 85 cents per cubic yard. 
With an efficiency of 90 percent this fixed equipment 
charge would be 74 cents per cubic vard. 


is 


cost 


LABOR COSTS DISCUSSED 


The cost of labor, including supervision, is 11 pereent 
f{ the pavement cost. The number of men employed 
s usually that necessary to handle maximum paver 
production and remains relatively constant. It does 
not fluctuate as the hourly or daily rate of production 
fluctuates because of delays. The daily labor cost can 
therefore be considered as an almost constant amount. 
\s production decreases, the unit cost for labor 
increases. 

To determine daily labor cost it is first necessary to 
consider the basis of payment of personnel and that part 
of the personnel which is on the straight-time pay roll. 
\ithough there is some variation in the number of men 
carried on the straight-time pay roll by different paving 


vanizations, the straight-time men are usually a 
superintendent, a timekeeper, four foremen, a crane 
operator, a paver operator, and a mechanic. Some 


common labor is also employed during periods of non- 
production and appears on the straight-time pay roll. 
However, such labor is affected by job conditions and 
therefore is omitted in this discussion. The superin- 
endent is usually paid on a monthly or yearly basis. 
The other men on the straight-time pay roll are gener- 
ally kept working on the job during periods of nonpro- 


duction and are usually paid on a weekly basis for all 
time except Sundays and possibly holidays. During an 
S-month construction season the superintendent will 
usually be paid for 245 days. The remaining straight- 
time workmen will usually be paid for 245 days less 35 
Sundays and 3 holidays, or 207 days. It is again as- 
sumed that there will be 136 productive days during 
the construction season on which the remaining per- 
sonnel will be paid. Table 18 gives the approximate 
daily cost for labor per day of actual construction, 


assuming an average working day of 9 hours and wage 
rates which are averages for the country as a whole. 
Payments made to straight-time men are distributed 
among the productive days. 

Wi h an over-all efficiency of operation of major 
equipment of 78 percent and a daily pay-roll cost of 
3334.23, the unit labor cost is $1.11 per cubic yard. With 
an over-all efficiency of operation of 90 percent the unit 
Cost Would be 96 cents. 


TABLI 
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18 Pay-r 
oductive day 


oll costs on an assumed typical project for each 
Based on 136 productive days per season 


‘ Pro- 
Bo rated 
D a S Total cost of Daily Total 
for ; ve cost non- a cost 
vhict ns ay a of pro- — for 
Nur ) aurIne | non- | duc- = each 
, eason a pro- 
er r - pro- tive ‘ pro- 
for . : duc- d 
eive t duc- | time to . duc- 
w hick tive 
lurir ae tk | ee each Hine tive 
e gael Ae time pro- day 
i te ductive 
eived 
day 
= enden 2. OK 45 09 $1 308 $9.62 $12.00 $21. 62 
I eeper 500 207 71 2.61 5.00 7.61 
I ( t 6. Of 207 71 ] 704 12.53 | 24.00 36. 53 
es perator " ")7 71 639 4.69 9. 00 13. 69 
Pa perator " 1 71 497 3 65 7. 00 10. 65 
MMe OK 07 71 426 13 6. 00 9.13 
Ort hine oper 
" 0 0 0 00 35. 00 
ed and hea 
I bor 8 { 0 0 81.00 81.00 
ir omm 
f 0 0 0 119.00 | 119.00 
| il S 4.929 36. 23 297.50 | 334. 23 
The cost for labor and equipment on concrete pave- 
ment construction during 1930 is estimated to have 


been $44,600,000. Had the general over-all efficiency 
of operation of major equipment been 90 percent in- 
stead of what it actually was it is reasonable to suppose 
that the total labor and equipment costs would have 
been reduced by at least $4,000,000. It is to the ad- 
vantage of both contractors and engineers that con- 
crete construction be carried on with a high degree of 
efficiency. Efficiency is advantageous to the contractor 
in his efforts to meet competition. A competent super- 
intendent, invested with the necessary authority, 
invaluable to him. Efficiency works to the advantage 
of the engineer as it is his duty to see that the general 
publie receives the greatest value in both quality and 
quantity for expenditure for concrete pavements. 


1s 


HAULING COSTS AN IMPORTANT ELEMENT 


An estimate for the cost of equipment and personnel 
connected with batch hauling, that is, transporting the 
batches containing aggregates and cement from the 
batching plant to the paver, has not been included in 
the preceding analysis. The cost of batch hauling is 
estimated to be 7 percent of the pavement cost. This 
figure is based on average haul and costs on the projects 
studied. Transporting batches from the batching plant 
to the paver on the road is an operation separate from 
that of paving. It is synchronized with the paving oper- 
ation in that a definite number of trucks is required to 
furnish the paver with the maximum number of batches 
that it can mix per hour. The hauling equipment on 
the average project is usually opers ated with less efficiency 
than is the major paving equipment. This is espec ially 
true where the hauling is sublet, in which cases the 
equipment is often owned and operated by several 
individuals and is not directly supervised. 

The daily cost of truck operation is not affected by 
the amount of work done except in the items of field 
repairs, fuel, and lubricants. The cost for the truck 
driver will be the same regardless of the number of 
batches hauled. The daily cost of operating a hauling 
unit can be considered as almost a fixed charge. The 
unit cost of hauling batches will be determined by the 
number of batches that the truck can deliver per day, 
and this in turn will be determined by the following 
items: 
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1. Haul distance. 
2. Condition of hauling road. 
3. Efficiency of truek operation. 
4. Number of trucks in excess of those required to match 
maximum paver production. 
5. Efficiency of paver operation. 
6. Length of time required for loading, 


turning, backing, 
passing through plant yard, dumping batch, 


waiting to dump 


first batch of multiple batch truck, time interval between the 
dumping of batches, and necessary delays. 
Fluctuating production of the paver increases the 


unit hauling cost by causing delays to the hauling units. 
On the other hand an insufficient supply of hauling 
units or faulty operation causes delays to the paving 
organization. Table 13 shows that one-half of the 
minor avoidable delays to major equipment were due 


TABLE 











19. Exram pies of ob « ff ciency between 1 fi2 , a) 
rime p 
Total I me could ha Actua 
ivailable Un- paver operated 
king eer a Avoid antint “tull : ef! 
Project no Year| °°". pic ible a hier ch cope cier 
time ible lelay it full | ciency had o¢ angry 
during | delays 7 eff avoidable °° OP 
study ciency ‘delaysbeen ~~ 
Hours HI Tlou I P. t 
1923 740. 0 301.0 326. 0 27 2.0 
2 1924 222. 0 ro 87.0 = 5. 
3 1924 163. 0 AA. 1 64.9 2 ; 
4 1924 146. 0 410, 0 69.5 nt) 63 
’ ‘ 1925 210.0 79.9 56. 6 f j 
6 1925 477 120. 2 199. 5 7 f2 
7 192 1, 164 2 358. 9 76 735. 4 Ls 
S 1927 1, 143.3 197.3 465. 1 180.9 946.0 0.4 
9 .| 1927 520. 0 82.9 147.6 QR. 5 437.1 i6. 2 
10_. , 1928 12.0 90. 0 182 239 $22 56.8 
Total _-_. " 3, 298.3 | 1,285.9 | 1,822 2, 190 } ' ; 
TABLE 20. Summar of weekly time losses on a projec ated 
eflicie ntly 
Study made in 1931 
Total Major delays Minor dela 
Batches a Total 
r > © , 1ro- ” , } 
Week ending pro work: ¥ f all 
duced ine Class Class Total Class | Class ~, lelay 
time A B \ B 
Hours Hours Hours Hours) Hours: Hours Hours Hours 
June 27 1, 986 65.50 12.50 0.25 | 12.75 1. 84 2. 97 | 17. 56 
July 4 1, 635 43 00 1. 47 25 1.72 SS xo 1.77 $49 
July 11 1, 447 65.35 | 29. 21 29. 21 04 1.17 1.2 30, 42 
July 18 1, 394 60.75 | 23.97 23. 97 is 1. 63 5 1 27. 0S 
July 25 1, 676 60.50 | 13.83 3.50 | 17.33 1. 03 1. 64 2 2). OO 
August 1 2, 163 60. 25 7.01 25 7. 26 25 34 7.85 
August 8 2, 390 60. 66 1. 30 7 2. 05 43 40) s 9 88 
August 15 1, 435 60.63 24,62 24. 62 SY 43 1. 32 25.94 
August 22 2, 42 60. 30 1.02 1. 02 x0) 10 7u 1.81 
Total 16,551 | 536.94 114.93 5.00 119.93 7.14 9.96 | 17. 1 57. 03 
Time major Possible oper- Possible 
equipment | Totalof ating time batches wit}! oO ’ 
Week ending— operated at | allclass eliminating class B yA oe 
100 percent | B delays class B delavs enicient 
efficiency delays eliminated 
liours Hou rs Tlours Percent 
June 27 47.94 22 51.16 2,114 93.5 
July 4 39. 51 1 14 40. 65 1, 6: 97.0 
July 11 34. 93 1.17 36. 10 1, 49 %.6 
July 18 33. 67 1. 63 35. 30 1, 460 5.4 
July 25 40. 50 5.14 45. 64 1, 890 48.7 
August 1 52. 40 i] 52. 99 2, 190 6.9 
August & 57.78 3 58. 93 2, 438 m1 
August 15 34. 69 35. 12 1,451 m7 
August 22 58. 49 9 58. OS 2 445 9.2 
Total 399. 91 14. 96 414. 87 17, 173 4 


Time required to remove hardened batch of concrete from drun 
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to these two causes and amount to 7.6 percent of the 
time that the major equipment was actually operating 
Harmony between the paving operations and the haul 
that the 


ing operations requires paving organization 
should operate at a uniform rate; that the hauling 


equipment be adequate for the rate of paver produe- 
tion; and that the hauling equipment be operated at a 
steady pace without interruption. 

The investment in hauling equipment may be even 
greater than the combined investments in all the othe: 
equipment. Inefficient operation of hauling units may 
increase costs ereatly. 

The cost of overhead, interest, bonds, set-up charges 
ete., ls estimated at 4 percent of the bid price, and the 
return to the contractor in the form of salary and profit 
after all other cost items have been met, is also placed 
at 4 percent. These are less intangibl 
and the percentages shown are merely estimates mad 
for the purpose of this analysis. The true cost may be 
a few percent either way from the percentages shown 
but the distribution of the remaining cost will not bi 
materially changed from the figures shown in this cost 
analysis 


items nore or 





Oct 


RRING DURING 
WORKING TIMI 


Rain . AO A 
Moving mixer on f - 
Wet subgrade o = 
Pouring concrete gutter 

Mixer trouble, mechanical “e? 4 
Pouring headwalls ro 
Removing concrete from drut 

Batcher trouble 

Preparing subgrade 

Skip blocked by traifi -- 

Water supply trouble ; 

rruck operatior > 

rruck shortage ; ef 
Wreck 
Miscellaneou 


Late start 


rOTAL MIN 


ruck operation 27 ( 
Mixer trou I 

Water sup] 
ruck shortage 4 
Mixer operatior 

Handling ce 
Placing reiz ng ’ 
Wet subgrade it 
Rain ; 5s 
Preparing subgra 
a nape ( 
Setting expansion joint ( 
Skip bk wked by traffic l 0 
Truck trouble Boe oe ca 

Dumpin 








rotal major delays 
Total minor delays 
Possible operating 
With all avoidable 
Over-all efficiency 


119.9 hour 
17.1 hours « 
time with all avoidable delays 
delays eliminated production 
of operation of major equipment 96 


vercent of working time 

wr 4 percent of working time 

‘liminated nto D in yur 
would have bet 17,1701 
4 percent 


co) | 
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EFFICIENCY IN CONSTRUCTION GREATLY IMPROVED IN 
RECENT YEARS 


When production studies of highway construction 
were started in 1923 the efficiency with which concrete 
paving was laid was much less than it is today. Very 
little attention was given to attaining maximum paver 
production or to the full use of available working time. 
In recent vears, there has been a gradual increase in 
the efficient use of working time. Table 19 indicates 
that trend. 

The 10 projects listed in table 19 were studied in the 
vears shown and are representative of supervision 
better than the With few exceptions the 
projects selected for efficiency studies were each several 
miles in length and all were constructed with standard 
paving equipment. The projects were located in five 
different States. Project no. 2 was in one of the central 
States. The contractor’s organization on project 2 had 
the reputation of being the most efficient in the State, 
vet the major equipment was operated with an effi- 

iencv of only 55 percent. 


average. 


In contrast with the rates of efficiency shown in table 
19 for vears prior to 1929, 10 of the projects studied in 
recent vears (table 11), each using a single paver, were 
yperated with an over-all efficiency of more than 85 
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percent and 6 projects were operated with an efficiency 
of 90 percent or more 

An example of the high efficiency that can be main- 
tained in concrete paving is given in table 20. This is 
a summary of production studies made on a paving 
project in an e@ustern state during a period of 4 weeks 
in the summer of 1931. The drop in efficiency in the 
fifth week was caused DY the paver operator’s negligence 
in allowing a batch of concrete to harden in the mixer 
while the motor was being repaired. Table 21 
tains a summary for the 9 weeks of operation and shows 
the cause and extent 

eflicient 


cCon- 


of all delays 
use of available working time has steadily 
11h reased. This crease has had a favorable effect on 
unit It is generally recognized that this increase 
in the rate of production has had no adverse effect on the 
q iality of pavements 

The cost of labor and equipment, however, 1s only a 
part of the cost of a concrete pavement. Improven ents 
in the methods and equipment used in the production ot 
paving materials as well as in the production of finished 
together with more definite information con- 
cerning the design of concrete mixtures as developed 
through research will increase both the efficiency of con- 
crete pavement construction and the value received by 
the public per dollar of pavement expenditure. 


costs 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 








Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D.C. As his office is not connected with the 
Department and as the Department does not sell publications, 


please send no remittance to the United States Department of 
Agriculture. 


ANNUAL REPORTS 
Report of the Chief of the Bureau of Public Roads, 1924. 
5 cents. 


Report of the Chief of the Bureau of Public Roads, 1927. 
5 cents. 


Report of the Chief of the Bureau of Public Roads, 1928. 
5 cents. 


Report of the Chief of the Bureau of Public Roads, 1929. 
10 cents. 


Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 


Report of the Chief of the Bureau of Public Roads, 1932. 


10 cents. 


DEPARTMENT BULLETINS 
No. 136D . . Highway Bonds. 20 cents. 


No. 347D . . Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10 cents. 


No. 532D .. The Expansion and Contraction of Concrete 
and Concrete Roads. 10 cents. 


No. 583D . . Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25 cents. 


No. 060D . . Highway Cost Keeping. 10 cents. 


No. !279D . . Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 


TECHINICAL BULLETINS 
No. 55T . . Highway Bridge Surveys. 20 cents. 


No. 205T .. Electrical Equipment on Movable Bridges. 
35 cents. 

MISCELLANEOUS CIRCULARS 

No. 62\VIC . . Standards Governing Plans, Specifications, 
Contract Forms, and Estimates for Federal- 
Aid Highway Projects. 5 cents. 

No. 93\IC . . Direct Production Costs of Broken Stone. 


25 cents. 


MISCELLANEOUS PUBLICATIONS 


No. 76MP .. The results of Physical Tests of Road-Build- 
ing Rock. 25 cents. 


No. . Federal Legislation and Regulations Relating 
to Highway Construction. 10 cents. 
No. 191. . . Roadside Improvement. 10 cents. 


REPRINT FROM PUBLIC ROADS 


Reports on Subgrade Soil Studies. 40 cents. 








_ Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 


SEPARATE REPRINT FROM THE YEARBOOK 


No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 


Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 


Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 


Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 


Report of a Plan of Highway Improvement in the Regiona 


Area of Cleveland, Ohio (1928). 


Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 


Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 








A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in PUBLIC ROADS, may be obtained upon 
request addressed to the U.S. Bureau of Public Roads, Willard 
Building, Washington, D.C. 
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